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U Title of the Invention: Composite carbon film and the method of 

manufacturing the same 
Patent Application Sho 63-54467 
Application March 7, 1988 

2. Inventor 

Address: 398, Hase, Atsugi-shi,Kanagawa-ken 

c/o Semiconductor Energy Laboratory Co., Ltd. 
Name: Kenji ITO 

3. Applicant 

Address:398, Hase, Atsugi-shi,Kanagawa-ken 
Name: Semiconductor Energy Laboratory Co., Ltd. 

Specification 

1. Title of the invention 

Composite carbon film and the method of manufacturing the same 

2. Scope for Patent Claims 

[Claim 1] A composite carbon film characterized by a laminated 
structure having a first carbon film or a first film comprising carbon as a 
main component, having a Vickers hardness not higher than 1000Kg/mm2 
and a resistivity ranging from 102 to 10-* • cm, and a second carbon film or 
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a second film comprising carbon as a main component, having a Vickers 
hardness not lower than 2000Kg/mm2, and a resistivity ranging from 10? to 
1013 Q. cm. 

[Claim 2] A composite carbon film having a carbon film or a carbon 
containing film as a main component, said composite carbon film 
characterized in that a Vickers hardness and a resistivity of a portion of said 
carbon film or carbon containing film continuously increases from 1000 
Kg/mm2 or lower and 102 • 10-6 Q • cm to 2000 Kg/mm or higher and 10? - 
10*3 cm, respectively. 

[Clain) 3] A method of manufacturing a composite carbon film 
characterized in that hydrocarbon gas and additive gas are decomposed by 
plasma, which is generated by applying a direct current or high frequency 
energy between a first electrode and a second electrode formed in contact 
with a substrate having a formation surface, so as to form a laminated 
structure having a first carbon film or a first film comprising carbon as a 
main component, having a Vickers hardness not higher than 1000 Kg/mm 2 
and a resistivity ranging from 102 to 10-6 Q • cm, and a second carbon film or 
a second film comprising carbon as a main component, having a Vickers 
hardness not lower than 2000Kg/mm2, and a resistivity ranging from 107 to 
1013 £} • cm, wherein the film formation of the first film is performed with 
the film formation surface contacting a ground electrode and the formation 
of the second film is performed with the film formation surface contacting a 
high frequency applying electrode. 

3, DETAILED DESCRIPTION OF THE INVENTION 
[FIELD FOR INDUSTRIAL USE] 

The present invention relates to a surface on which rubbing action 
takes place, and more particularly to a surface producing static electricity 
due to rubbing action. 
[DESCRIPTION OF THE PRIOR ART] 

Conventionally, in order to reduce the abrasion, several kinds of 
abrasion-proof materials are used for parts on which rubbing action takes 
place. 

Some of those abrasion-proof materials are used for a surface having 
static electricity due to rubbing action. 

2 
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The abrasion-proof materials used for a surface having static 
electricity due to rubbing action require the characteristic of the abrasion- 
proof and also conductivity for making no static electricity accumulated on a 
surface of material due to nibbing action. As an example, contact image 
sensor requires the abrasion-proof materials having the above mentioned 
characteristic. 

Fig. 9 shows a cross sectional view of a conventional contact image 
sensor. The sensor comprises a light sensor element (2) formed on a 
transparent substrate (1), on which a transparent protective film (3) is 
formed and, an adhesive layer (4), a transparent electrode (5) made of ITO, 
and a glass plate (6) as a surface protective layer for the purpose of 
protecting light sensor element from rubbing action between the light sensor 
element and a manuscript are provided on the transparent protective film. 

In the contact image sensor, incident light (8) transmitting through 
entrance window (7) is irradiated to a manuscript (9), thereby the paper 
reflects the light. Then, an image of a manuscript is read out by irradiating 
the reflection light (10) to the light sensor eiement(2). When the image is 
read out, a manuscript is moved in contact with the surface of the glass pane. 

Accordingly, by moving of the manuscript, robbing action takes 
place between a surface of a glass plate and a manuscript. Static electricity 
due to the rubbing action is collected on the surface of the glass. In order to 
reduce the influence of static electricity due to rubbing action in light sensor 
element, transparent electrode (5) as a ground electrode (5), which is made 
of ITO, is formed in adjacent to the surface of glass, to prevent static 
electricity from accumulating. 

In addition to the above mentioned glass plate, the following can be 
considered as materials having an abrasion-proof. For example, film 
materials and coating materials, e.g. deposition films such as Si3N4, AI2O3, 
and, Si02, organic nylon 12, PET(polyester), PEEK(poly • ether • ether • 
ketone), acrylic, polycarbonate, and silicon can be considered. 

Further, a carbon film is conventionally known as a material having 
a lot of properties such as abrasion-proof, high smoothness, insulation, and 
high heat conductivity. As a technique of coating the carbon film, Japanese 
Patent Application No. SHO 56-146930 is known. 
(THE PROBLEMS OF THE PRIOR ART] 

The glass plate of the above described image sensor has an 
abrasion-proof surface, however, has a problem of having a tendency to take 
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scratches due to rubbing actions between the glass plate and a manuscript. 
In many cases, since the size of the scratches may be of the order of I 
micron meter or less, the reading out of the image is not substantially 
deteriorated by the scratches. However, if there is big irregularity on a 
manuscript or metal fittings such as a staple is held to a manuscript, the 
manuscript may take scratches of substantial size. In particular, in case of 
the above mentioned organic materials, since the size of the scratches may 
be of the order of 40 to 200 micron meter, the reading out of the image is 
considerably deteriorated by the scratches. 

The glass plates of the contact image sensor, which has been recently 
used, are utilized because the size of the above mentioned scratches may be 
smallest. However, such accident that staple is inserted between roller and a 
glass plate inevitably happens because of using a manuscript to be stapled. 
In case of taking the accident into consideration, materials which exceeds a 
glass plate in abrasion-proof, are required as a protective layer of the 
surface of contact image sensor. At the same time, as mentioned above, the 
materials having abrasion-proof are also required to have conductivity. 

Further, because the glass plate, which has been used for contact 
image sensor, has no conductivity, an electrode made of ITO should 'be 
contacted to the glass plate for the purpose of preventing static electricity 
from accumulating on the surface of glass. However, even if the thickness is 
extremely thin type, the thickness of glass plate is as large as about 5 
micron, and electrode made of ITO should be contacted thereon. Therefore, 
the light reflected by a manuscript is influenced. In conclusion, since the 
reflective light is absorbed and scattered when there is glass or ITO between 
a manuscript and light sensor element, it is preferable that the glass and ITO 
are as thin as possible. 

It is an object of the present invention to provide suitable material 
having an abrasion-proof and conductivity used in parts having abrasion due 
to rubbing action or producing static electricity when rubbing action takes 
place thereon. 

[MEANS TO SOLVE THESE PROBLEMS] 

The present invention is based on that it is possible to change a 
Vickers hardness and a resistivity of a formed film by changing high 
frequency energy and reaction pressure when a carbon film or a film 
comprising carbon as a main component is formed, and that it is possible to 
form a film having a higher degree of hardness and large electric insulation, 
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or a film having a lower degree of hardness but high conductivity thereof. 

In order to accomplish the above mentioned object, the present 
invention forms a composite carbon film having a laminated structure, that is 
a first carbon film or a first film comprising carbon as a main component, 
having a Vickers hardness not higher than 1000Kg/mm2 and a resistivity 
ranging from 102 to 10-* fl • era, and a second carbon film or a second film 
comprising carbon as a main component, having a Vickers hardness not 
lower than 2000Kg/mm2, and a resistivity ranging from 107 to 10*3 Q • cm. 

That is, a first carbon film or a first film having carbon as a main 
component has low resistivity of 1x102 to 1x10-$ CI • cm, preferably 1x10-3 
to 5x10-3 f} . cm, and a Vickers hardness of 1000Kg/mm2 or lower, 
preferably 500 to 700Kg/mm2 to have conductivity and a second film, which 
is formed on the first film, has a resistivity of 10 7 to 1013 Q • cm, preferably 
1x108 to 5x10" Q • cm to accumulate no static electricity collected on the 
surface of the second film. At the same time, the second film comprises 
carbon having a Vickers hardness of 2000Kg/mm2 or higher, preferably 
3000 to 5000Kg/mm2, ideally 6500Kg/mm2 whose hardness is similar to 
that of diamond, or carbon as a main component to which hydrogen halogen 
element of 25 atoms % or less, or trivalent or pentavalent impurity of 5 
atoms % or less, or nitrogen of N/C£0.05 is added at the concentration to 
have an abrasion-proof. 

In stead of the above mentioned structure, the structure shown in 
Fig. 1, that is, the first film whose resistivity is low, but has conductivity, is 
formed between the second films having a hardness similar to that of 
diamond, may be used. By forming the film having the above mentioned 
structure on a formation surface, it serves as the electric protection and it 
can prevent impurities from contaminating the first film because the • second 
film, which is in contact with the formation surface, has an insulating 
character. 

It is possible to make hardness and resistivity of the first film or the 
second film constant, and it is possible to form the first film or the second 
film by laminating some separate layers from one having a low hardness to 
one having a high hardness (from one having a large resistivity to one 
having a small resistivity) as shown in Fig. 2(A), and it is possible to 
continuously vary hardness of a single layer by continuously varying the 
hardness as shown in Fig. 2(B). The film according to the present invention 

5 



*E <£ 8JS2SE t08frfe#«X/£fr : 6 Ift-'EO : L \ <*0 B9 I XL 38661 



ION dZ C1Z • 'OO "I -3 S WOUi 



is formed by laminating the first film or the second film having these 
structures in an arbitrary combination. That is, it is possible to form a film 
having a relationship between the film thickness and the hardness or 
between the film thickness and the resistivity as shown in Fig. 3(A) or Fig. 
3(B) by forming the second film having constant hardness between the 
second films having constant hardness. It is also possible to form a film by 
continuously changing the hardness or resistivity of the first or second films 
as shown in Fig. 4(A) or Fig. 4(B). 

According to the present invention, a carbon film or a film 
comprising carbon as a main component (a first film) is formed on a 
formation surface which is in contact with ground electrode. The first film 
having a Vickers hardness of lOOOKg/mntfor lower, preferably 500 to 
700Kg/mm2 and a resistivity of 102 to 10-6 Q • cm, preferably 1x10-3 to 
5x10-5 H • cm. Then, a carbon film or a film comprising carbon as a main 
component (a second film) is formed on a formation surface which is in 
contact with high-frequency applying electrode. The second film has a 
Vickers hardness of 2000Kg/mm2 or higher, preferably 3000 to 5000Kg 
/mm2 and a resistivity of 107 to 1013 CI • cm, preferably 1x108 to 5xl0n Q • 
cm. According to this structure, self bias (e.g. H+) is generated in the vicinity 
of the high frequency applying electrode by accumulating electrons in 
plasma on the high frequency applying electrode, and hence plus ions (for 
example, are accelerated against the higli frequency applying electrode. 
Therefore, if a formation surface is formed in contact with the high 
frequency applying electrode, the accelerated plus ions collide a carbon film 
or a film comprising a carbon as a main component, and hence the rate of 
carbon having doublebonds such as C=C is reduced and the rate of carbon 
having C-C bond is increased and hydrogen atoms which have been bonded 
with carbon atoms are eliminated, and thereby carbon atoms having trigonal 
bonds which have SP2 hybridized orbital or having a pair of opposite bonds 
which have SP hybridized orbital are removed and the ratio of carbon atoms 
having tetragonal bonds which have SP3 hybridized orbital is increased. 
Therefore, it becomes easier to form a carbon film or a film comprising 
carbon as a main component, which has a hardness like that of diamond, on 
the formation surface contacted with high frequency applying electrode. 

On the other hand, self-bias is not generated because no electrons in 
plasma are accumulated on the side of ground electrode. Therefore, no plus 
ions collide a forming film as mentioned above, and there is no effect by the 
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plus ions, so that a carbon film having trigonal bonds, a pair of opposite 
bonds, or doublebonds such as C=C is formed. As a result, the film having 
low Vickers hardness and low resistivity is formed. 

In the present invention, to form a film whose hardness and 
resistivity can be changed, there are methods of reducing reaction pressure 
while film formation, increasing high frequency energy, changing quantity of 
additive gas, or combination of these two or three methods. These methods 
are based on that output of high frequency energy which is applied to 
decompose the gas is increased because the number of hydrocarbon gas 
molecules per unit volume is reduced by reducing pressure of hydrocarbon 
radical gas which is used to form a film, and the above mentioned self bias is 
increased because electrons in plasma are increased and accumulated on 
high frequency applying electrode. 

Further, there is another method to increase output of high 
frequency energy. As mentioned above, this method is based on that if 
output of energy which is applied to decompose the gas is increased, self bias 
is increased because electrons in plasma are increased and accumulated on 
high frequency applying electrode. 

As a formation surface used in the present invention, there is 
organic resin such as PET (polyethylene terephthalate), PES, PMMA, Teflon, 
epoxy, polyimide or the like, or metal mesh carrier, paper tape carrier, glass, 
metal, ceramic, semiconductor, parts for magnetic head, magnetic disk, or the 
like. 

Following is the description of the present invention in more detail 
according to examples. 

Referring to Fig. 5, there is shown an outline of plasma CVD 
apparatus for forming a first or a second film, which is a carbon film or a 
film comprising carbon as a main component. 

As a hydrocarbon gas, a gas such as ethylene(C2H 4 ) or hydrocarbon 
of methane series(C a H2n+2). or tetramethylsilane ((CH3) 4 Si) or 
tetxaethylsilane ((C2H5) 4 Si) in case of containing silicon as part, may be 
considered. 

In the figure, in doping system (11), carrier gas of hydrogen 
from (12), hydrocarbon gas which is reaction gas such as methane or 
ethylene from (13), diborane which is trivalent impurity (diluted with 
hydrogen)(14), and ammonia or phosphine which is pentavalent impurity 
from (15), are introduced through valve (16) and flow meter (17) into 
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reaction system (18) by nozzle (19). It is effective to add microwave energy 
(20) for excitation of reaction gas to activate before it reaches the nozzle. 

The first electrode (21) and the second electrode (22) are set in the 
reaction system (18). Electric energy is applied on a pair of electrodes (21) 
and (22) from high frequency electric source (23), matching transfer (24), 
and direct current bias electric source (25), and plasma is generated. 

In the present invention, change-over switches (31) and (32) are set 
for the purpose that the first film is formed on the formation surface which 
is in contact with the ground electrode, and the second film is formed on the 
formation surface which is in contact with high frequency applying electrode. 

Exhausting system (26) exhausts residual gas through pressure 
control valve (27), turbo molecular pump (28), and rotary pump (29). 0.1- 
5KW energy is applied to the reaction gas by energy of high frequency or 
direct current under pressure of 0.001 -10 torr, representatively, 0.01-0.5 
torr in reaction space (30). 

Particularly, when frequency at the excitation source is 1GHz or 
higher, e.g. 2,45GHz, hydrogen is separated from C-H bond, and when 
frequency is 0.1-50MHz, e.g. 13.56MHz, C-C bond and C=C bond are 
decomposed into -C-C- bond, and dangling bonds of carbon collide with each 
other and make covalent bonds, and hence it becomes the structure which 
partially has stable diamond structure. 

Direct current bias of -200 to 600V (substantially, -400 to +400V) is 
applied, because self bias is -200V (using the second electrode as the ground 
level) when direct current bias is 0. 

The reaction gas is partially diluted with hydrogen. For example, 
methane:hydrogen=l:l. The first electrode has a means for cooling down, 
and it keeps the temperature on the formation surface 250 to -100°C 

Figs. 6 and 7 show a relationship between the high frequency energy 
and a Vickers hardness or the resistivity of the carbon film formed by the 
above mentioned apparatus, to which high frequency energy is applied while 
film formation. 

Referring to Fig. 6, a film is formed at the side of high frequency 
applying electrode (cathode electrode). A harder film having higher Vickers 
hardness is formed by inputting higher high frequency energy. Referring to 
Fig. 7, a film is formed at the side of ground electrode (anode electrode). A 
lower film having lower Vickers hardness is formed by applying higher high 
frequency energy. From Fig. 6 and Fig. 7, it is apparent that a resistivity of 
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the film formed at cathode side is high and resistivity of the film formed at 
the anode side is low. Condition of the film formation is; pressure: 0.15 torr, 
flow of methane: 100SCCM, temperature of substrate: room temperature, 
time of formation: 180min. 

The first and second films of the present invention are laminated by 
the above mentioned apparatus. As a result, the film in accordance with the 
present invention can be obtained. 

In case of forming a first film after forming a second film, or in case 
of the reversed thereof, a formation surface can be changed from cathode 
side to anode side or the reverse after the positions of change-over switches 
31 and 32 are reversed. 
[EXAMPLE 1] 

In the present example, a carbon film having a structure illustrated 
in Fig. 3 is formed by applying the carbon film of the present invention to 
contact image sensor. 

As shown in Fig, 8, an electrode and amorphous silicon are formed 
on a transparent glass substrate (33) by a well-known plasma CVD and a 
layer of the electrode and amorphous silicon is processed by excimer laser so 
that a light sensor element (34) is formed. After that, by coating with a 
transparent polyimid (35) by well-known spinner method, contact image 
sensor is formed. Then, a film is formed for 60 minutes under the 
conditions that the above mentioned image sensor is set at the side of 
cathode electrode, methane to which hydrogen is added is introduced at 
100SCCM flow, and pressure is kept at 0.03 torr, and 260W high frequency 
energy is applied to methane. As a result, a first layer (36) having a 
thickness of 0.6 micron meter is formed on the polyimide layer. Then, after 
the positions of change-over switches 31 and 32 are reversed to set the 
formation surface at the side of anode electrode, a film is formed on the first 
layer (36) for 40 minutes while high frequency energy of 300W is supplied 
to methane. As a result, a second layer (37) having a thickness of 0.5 micron 
meter is formed. After the positions of the change-over switches are 
reversed, a third layer (38) is formed on the second layer (37) under the 
same condition as that of the first layer so that the film shown in FIG. 3 is 
formed. 

Vickers hardness of these three layers are measured; the first and 
third layers are 4500 Kg/mm* , the second layer is 600Kg/mm2 and a 
resistivity is also measured; the first and third layers are 1x105 Q • cm, the 
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second layer is lxlO 7 fi • cm. The surface and formation surface of the 
formed carbon film have hardness similar to that of diamond and electrical 
insulation, and the film having low hardness and high electrical conductivity 
is formed therebetween. That is, the third layer (3o) f which has the 
hardness similar to that of diamond, is formed on the surface on which 
rubbing action takes place between a manuscript, so that if there is 
irregularity on a manuscript or metal fittings such as a staple is held to a 
manuscript, the above mentioned layer may take no scratch. Further, if 
static electricity is produced due to rubbing action taking place between a 
manuscript and the third layer, the second layer (37) having a conductivity 
prevents the static electricity from accumulating on the surface. In addition, 
the first layer having insulation reduces the electrical influence in light 
sensor element and that prevents impurity in transparent polyimid from 
contaminating the second layer (37). 

In the present example, the first layer (36) is formed, however, the 
object of the present invention can be accomplished with no first layer. 
[EXAMPLE 2] 

In the present example, a carbon film having a structure shown in 
Fig. 4 is formed. 

After the image sensor, which is the same as Example 1, is set at the 
side of cathode electrode, methane to which hydrogen is added is introduced 
at 100SCCM flow, pressure is kept at 0.03 torr, and 300W high frequency 
energy is applied to methane. The input high frequency energy is gradually 
decreased from 300W to 200W at the rate of 0.5 to 2.5W/min. The Vickers 
hardness and the resistivity are decreased continuously, along with the 
decrease of the input energy, from 5000Kg/mm2 to lOOOKg/mm* and from 
1012 n * cm to 1CKQ • cm, respectively, and a carbon film having these 
Vickers hardness and resistivity is formed as a first layer of 0.7 micron 
meter. Then, after the positions of the change-over the switches (31) and 
(32) are reversed to set the formation surface at the side of anode electrode, 
the input high frequency energy is gradually increased from 200W to 300W 
and decreased from 300W to 200W at the rate of 0.5 to 2.5W/min. The 
Vickers hardness and the resistivity are changed along with the change of 
the input energy, that is, a hardness is decreased from 1000Kg/mm2 to 
600Kg/mm2 and increased from 600Kg/mm2 to 1000Kg/mm2 and a 
resistivity is changed continuously within the range between 1012 £1 • cm and 
104 n • cm, and a second layer having the total thickness of 0.4 micron meter 
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is formed. Thereafter, the positions of the change-over switches (31) and 
(32) are reversed to set the formation surface at the side of cathode 
electrode, the input high frequency energy is gradually increased from 200W 
to 300 W at the rate of 0.5 to 2.5W/min. The Vickers hardness and the 
resistivity are changed along with the change of the input energy, that is. a 
hardness is increased from 1000Kg/mm2 to 5000Kg/mm2 and a resistivity is 
changed continuously within the range between lO 4 *} • cm and 102Q • cm 
and a third layer at the total thickness of 0.7 micron meter is formed. The 
carbon film having the structure shown in Fig. 4 is formed. The carbon film 
has the same effect as that of Example 1, and also it is the same with the 
Example 1 that there is no need to form the first layer. 
[EXAMPLE 3] 

In the present example, the third film in the Example 1 is formed by 
a method wherein several films having different hardness and resistivity are 
laminated. 

First and second layers are formed in the same manner as Example 
1. Then, after the formation surface is set at the side of cathode, a carbon 
film is formed at an input high frequency energy of 80w for 50 minutes, at 
150W for 50 minutes, at 300W for 40 minutes sequentially. Then, a third 
film of the present invention is formed at a thickness of 1.7 micron meter, 
having its resistivity of 5 x lO^flcm, 2 x to 108 Qcm and 1 x lO+Qcm. 

The carbon film has the same effect as that of Example 1, and also it 
is the same with the Example 1 that there is no need to form the first layer 
[EXAMPLE 4] 

In the present example, a first layer is formed while its hardness 
and resistivity are gradually decreased and a third layer is formed by a 
method wherein several films having different hardness and resistivity are 
laminated. 

Initially, the first layer is formed in the same manner with Example 
2. Then, the second layer is formed in accordance with Example 1 and the 
third layer is formed in the same manner with Example 3. As a result, a 
carbon film of the present invention is formed. 

The carbon film of the present example has the same effect as that 
of Example 1, and also it is the same with the Example 1 that there is no 
need to form the first layer. In the present examples 1 to 4, a carbon film in 
accordance with the present invention is applied with contact image sensor. 
The present examples of the present invention can be applicable to abrasion- 
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proof layer of thermal head. 
[Effects] 

The carbon film in accordance with the present invention is formed 
by using a carbon film or a film comprising carbon as a main component, 
which has low resistivity of 1x102 to IxKMQcm. preferably, 1x10-3 to 5x10- 
sacra, and Vickers hardness of 1000Kg/ram2 or lower, preferably, 500 to 
700Kg/mm2 to form a first film. And the first film has conductivity in order 
to accumulate no static electricity generated on the surface of a second film. 
The second film, which is formed on the first film, has a resistivity of 107 to 
1013 Q • cm, preferably 1x108 to 5xl0n Q • cm. At the same time, the second 
film comprises carbon having a Vickers hardness of 2000Kg/mm2 or higher, 
preferably 3000 to 5000Kg/mm2 t ideally 6500Kg/mm2 whose hardness is 
similar to that of diamond, or carbon as a main component to which 
hydrogen halogen element of 25 atoms % or less, or trivalent or pentavalent 
impurity of 5 atoms % or less, or nitrogen of N/C^ 0.05 is added at the 
concentration to have an abrasion-proof. As mentioned above, the carbon 
film having the abrasion-proof and conductivity, is very suitable for use in 
parts generating abrasion or static electricity due to rubbing action as in 
image sensor. 

Therefore, the present invention is applicable to parts generating 
static electricity and rubbing action in electric parts or machine parts. 
4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig.l is a cross sectional view showing a composite carbon film in 
accordance with the present invention. 

Fig. 2 is a graphical diagram showing relationship between film 
thickness and the hardness of films, which configure a composite carbon film 
in accordance with the present invention. 

Figs. 3 and 4 are graphical diagrams showing relationship between 
film thickness and the hardness, and between film thickness and the 
resistivity of composite carbon film, respectively, in accordance with the 
present invention. 

Fig. 5 shows an outline of apparatus used in the present invention. 

Fig. 6 is a graphical diagram showing relationship among a Vickers 
hardness, a resistivity, and high frequency energy of a carbon film formed at 
the side of cathode electrode. 

Fig. 7 is a graphical diagram showing relationship among a Vickers 
hardness, a resistivity, and high frequency energy of a carbon film formed at 

12 



TON dZ CLI • *OD '1 *3 S HOHJ 



the side of anode electrode. 

Fig. 8 is a cross sectional view showing a carbon film in accordance 
with the present invention applied to contact image sensor. 

Fig. 9 shows a conventional contact image sensor. 
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